The production of light-weight polyester fabrics from a polyester/cotton blended fabric, by means of the enzymatic removal of the cellulosic part of the material, was investigated. The removal of cotton from the blended fabric yielded more than 80% of insoluble microfibrillar material by the combined action of high beating effects and cellulase hydrolysis.Other major features of this enzymatic process for converting cotton fibers into microfibrillar material are bath ratio, enzyme dosage and treatment time.
Introduction
Polyester dominates the world market for synthetic textile fibers (Aizenshtein 2004) . Due to fashion tendencies there is a high demand for lightweight polyester fabrics that cannot be produced by standard power looms. One alternative production process is the manufacture of fabrics from polyester blended with another fiber that is subsequently removed by chemical treatments. The most common materials for this process are the polyester/cellulosic fiber blends in which the cellulose is normally removed with a 75% (v/v) sulfuric acid solution. However, while the acid hydrolysis of cellulose is both fast and inexpensive, it has the drawback of being ecologically unfriendly. Enzymatic hydrolysis represents a cleaner alternative: it takes place at atmospheric pressure, moderate temperatures and mild pH conditions, resulting in a reduction of production costs, an increased environmental friendliness and an improved quality and functionality of the products (Camacho et al. 1996) .
Many studies have been carried out with the aim of gaining an understanding of the mechanism of cotton hydrolysis. In nature, cellulose degradation is performed by cellulases of bacterial or fungal origin. The chemical composition of cellulose is very simple, consisting of glucose residues connected by 1,4-b-glycosidic bonds. Nevertheless, the efficient degradation of this substrate requires the combined action of several types of cellulases (Tomme et al. 1995; Boisset et al. 2001; Murashima et al. 2002) : endoglucanases (EC 3.2.1.4), which produce new ends randomly within the polysaccharide chain, cellobiohydrolases (EC 3.2.1.91), which release cellobiose units from the cellulose chain ends, and b-glucosidases (EC 3.2.1.21), which convert cellobiose into glucose (Tomme et al. 1995; Teeri 1997) . The synergism among different types of cellulases is widely verified in the literature (Be´guin 1990; Tomme et al. 1995; Clarke 1997; Teeri 1997) . The accessibility of the fiber surface to the enzyme is a ratedetermining factor in the enzymatic hydrolysis (Mansfield et al. 1999) . Cellobiohydrolases play an important role during cellulose degradation due to their specific three-dimensional structure (Boisset et al. 2001) : the active site of these enzymes is enclosed by a peptide extension that covers the catalytic residues and produces a tunnel-like structure (Parsiegla et al. 1998 ); consequently, only the ends of a cellulose chain can access the active site. Conversely, endoglucanases produce internal cuts on the chain, releasing small cellulose fragments and providing new chain ends for the action of the cellobiohydrolases that are responsible for the degradation of the crystalline regions (Guimara˜es et al. 2002) . Thus, cooperation between these two types of cellulases promotes the efficient and complete degradation of the microcrystalline cellulose, resulting in an enhanced extent of hydrolysis (Jeoh et al. 2002) .
Trichoderma reesei is a well-known cellulolytic fungus and the subject of the most research carried out with respect to the production of cellulases for food and feed, pulp and paper and the textile industry. T. reesei secretes at least nine different endoglucanases and two different cellobiohydrolases (Foreman et al. 2003; Miettinen-Oinonen et al. 2005) . The major cellobiohydrolase component of T. reesei is CBHI, which accounts for 50 -60% of the total amount of protein secreted (reviewed in Ma¨ntyla¨et al. 1998; Penttila¨1998).
The research and application of cellulases in cellulosic materials aim at surface modification. Known applications are the removal of fuzz fibers or fibrillar material in textile processing and in domestic washing. Ageing effects, like the 'stonewashed' look, are also achieved with cellulases by means of 'superficial abrasion'. All of these effects can only be achieved in processes where strong mechanical agitation is present for short periods of treatment time, resulting in high levels of weight and strength loss (Morgado et al. 2000) .
In the investigation reported here our objective was the total removal of the cellulosic part from a polyester/cotton blend to produce a light-weight polyester fabric using a crude cellulase mixture obtained from T. reesei.
Experimental part

Enzyme and fabrics
The enzyme used was a commercial crude cellulase from Trichoderma reesei, Cellusoft L, which was kindly provided by Aquitex, the Portuguese representative of Novozymes Biotech.
The cotton fabric used for the enzymatic treatments was a mercerized taffeta consisting of 100% cotton (54 ends/cm, 30 picks/cm, 107 g/m 2 ). The blend was a taffeta mixture consisting of 66% cotton and 34% polyester (33 ends/cm, 25 picks/ cm, 128 g/m 2 ). Prior to the enzymatic treatments the fabric samples were washed with 2 g/l of a non-ionic surfactant, Lutensol AT 20 (provided by BASF), in a domestic washing machine.
Enzyme activity
The protein content of cellulase was determined by the Bradford method (Bradford 1976) . We first measured the enzymatic activity of Cellusoft L with soluble cellulose as the substrate: carboxymethylcellulose (CMC), the same amount of enzyme and the CMC solution was placed in a test tube for 30 min in a shaker bath at 50°C. The soluble reducing sugars released were then determined, as previously described by Cavaco-Paulo et al. (1996) . The enzymatic activity of Cellusoft L on insoluble cellulose from cotton fabric was also measured, and expressed in terms of total weight loss. The cotton samples (0.5 g) were incubated for 1 h at 50°C in a Rotawash machine (20 rpm) with 1 g/l of enzyme solution prepared in 0.1 M acetate buffer, pH 5 (see Table 1 ).
Enzymatic treatments
All of the enzymatic treatments were carried out in a Rotawash machine (20 rpm). Additional mechanical agitation was achieved by adding stainless steel discs (20.0±0.1 g each disc) to the pots. The enzymatic treatments were carried out for varying lengths of incubation times and at different enzyme dosages prepared in 0.1 M acetate buffer, pH 5.0, at 50°C. Each treatment was done in duplicate. Reference treatments were carried out under the same conditions but in the absence of the enzyme. To terminate the enzyme reaction, we added 2.5 ml of 2% Na 2 CO 3 solution to the pots, following which the fabric samples were removed. The samples were then rinsed with 5% Na 2 CO 3 solution, followed by rinsing with hot and cold water.
